. The Dali method [distance matrix alignment, Holm and Sander (1998) ] is based on a sensitive measure of geometrical similarity defined as a weighted sum of similarities of intramolecular distances ( Figure 1A ). Most naturally occurring protein structural folds will be determined in the near future, making fast comparison methods increasingly important in structural biology. The Dali server is routinely used to compare newly solved structures against those in the Protein Data Bank, to compare ab initio predicted structures to the real structure [e.g. CASP critical assessment of structure prediction; (Proteins Supplement 2, 1999)], and to maintain the FSSP database of structural neighbours and the DDD fold classification. However, the Dali server is accessible only through the network, and is too complex and large to be installed at external sites. Here, we present DaliLite, a standalone program package that can help researchers compare large numbers of structures for specialized projects efficiently and locally.
Searching databases for sequence (1D) and structure (3D) similarities is a core technique in computational biology. Geometrical comparison of protein structures may reveal biologically interesting similarities that are not detectable by comparing sequences. Many measures of structural similarity are in use, often based on intermolecular distances upon rigid-body superimposition (review by Holm and Sander, 1994) . The Dali method [distance matrix alignment, Holm and Sander (1998) ] is based on a sensitive measure of geometrical similarity defined as a weighted sum of similarities of intramolecular distances ( Figure 1A ). Most naturally occurring protein structural folds will be determined in the near future, making fast comparison methods increasingly important in structural biology. The Dali server is routinely used to compare newly solved structures against those in the Protein Data Bank, to compare ab initio predicted structures to the real structure [e.g. CASP critical assessment of structure prediction; (Proteins Supplement 2, 1999)], and to maintain the FSSP database of structural neighbours and the DDD fold classification. However, the Dali server is accessible only through the network, and is too complex and large to be installed at external sites. Here, we present DaliLite, a standalone program package that can help researchers compare large numbers of structures for specialized projects efficiently and locally.
DaliLite has the core algorithmic functionality of the Dali server: PDB parsing, two alignment options (pairwise comparison and database search), and FSSP file output. The input is one or two sets of atomic coordinates of proteins in PDB format. Rough timings are up to tens of seconds per pairwise comparison and up to hours per database search. A visualization script (DaliQuiz) is included to convert FSSP alignments to graphical output, either 3D superimpositions displayed in Rasmol, or coloured multiple alignments displayed as HTML pages.
Dali uses a structural similarity measure of the sum-ofpairs form which leads to a complex combinatorial optimization problem. Heuristic filters are used in database searching to quickly find a close neighbour of the query structure and, if one exist in the database, to restrict an exhaustive search to this neighbourhood. Structural neighbours are looked up in a precomputed database of all-onall structure alignments. The pairwise comparison option uses the exhaustive search directly. The exhaustive search is modified from a branch-and-bound algorithm (Lathrop and Smith, 1996) which returns the global optimum and suboptimal alignments with decreasing scores in the context of aligning ungapped segment pairs ( Figure 1B ). Our modifications introduce approximations to reduce the combinatorial complexity of the search and to increase speed.
(1) If the search landscape is so flat that 10 000 splittings of search space have not resulted in a unique solution, the bottom 90% of subsets are discarded.
(2) Segments may be truncated from either end or both ends or deleted entirely.
(3) Suboptimal alignments cannot re-use residue pairs used in any higher-scoring alignment.
(4) A hierarchic build up procedure steers the search towards matches of compact substructures.
The approximations can be tolerated because high-scoring alignments obtained by the branch-and-bound search are refined using Monte Carlo optimization in the full alignment search space including loops ( Figure 1C ). The DaliLite distribution contains a self-contained package of programs written in Perl and 
where core is the set of structurally equivalent residue pairs (i A , i B ) etc. between A and B. is the deviation of intramolecular Cα-Cα distances between (i A , j A ) and (i B , j B ), relative to their arithmetic mean (d). θ is the threshold of similarity, set empirically to 0.2 (20%). The envelope function ω = exp(−d 2 /r 2 ), where r = 20Å, downweights contributions from distant pairs. The program output (FSSP file) reports Z -scores, which are normalized with respect to domain size (see Holm & Sander, 1998) . For example, the closest structural neighbours of Bacillus pasteurii urease (PDB entry lubp) are ureases from other species (Z > 60), followed by phosphotriesterase (Z = 15) and adenosine deaminase (Z = 12), and other TIM barrels (Z = 4-7). Partial structural overlaps are also reported with many open-sheet proteins of the alpha/beta class (Z < 4). (b) Branch-and-bound search. The complexity of the structure alignment problem is much reduced by considering only nongapped segment pairs. A natural segmentation uses the secondary structure elements of the query structure. Here, diagonal lines represent nongapped segment pairings between segments of the query structure (horizontal) and the protein being aligned to it (vertical). The alignment score (1) evaluates not only interactions within segments but also interactions between segments. For example, if the query structure consists of segments 1-3, the score is a sum involving distance submatrices (1,1), (1,2), (1,3), (2,1), (2,2), (2,3), (1,3), (2,3) and (3,3) in the query structure and their counterparts in the aligned structure. Rather than sifting through each possible combination of segment-pairings explicitly, the branch-and-bound algorithm splits alignment search space into ever smaller subsets of candidate pairings. The upper bound on the sum-of-pairs score is the sum of the maximal value of each term in the sum (within the set of candidates). Eventually, the subset with the highest bound contains only a unique solution, the optimal alignment. (c) Structure alignment. The pairwise comparison of two structures first applies the branch-and-bound algorithm to the nodes of a tree of folding units of the query structure. All segment pairings from alignments that scored above a threshold are pooled when moving up the tree. In the schematic dotplot, the thick black lines indicate an optimum found at the end of the branch-and-bound search and the lighter-coloured dotted lines the final alignment after Monte Carlo refinement, which removes any restrictions on gaps and extends the alignment to loops. Sequential ordering of the aligned segments is required as a constraint.
